General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



f 


* 


9 









I 


ft. 



: 




(NASA-CR-158077) NUCLEAR QU/ "RUPOLE N79-16661 

RESONANCE STUDIES PROJECT Final Technical 
Report (Gramfcling State rjniv. , La.) 54 p 

HC A04/MF A0 1 CSCL 18D Unclas 

G3/73 43034 




V" x . 

••• 

SET 


. 




u 


• A . . 
- : > 






INTRODUCTION 


The final technical report on the Nuclear Quardupole Resonance Studies 
sponsored by NASA at Grabbling State University is presented in three separate 
sections: Part I describes the instrumentation, consisting of the development 
and assembly of the Nuclear Quadrupole Resonance Spectrometer. Part II 
presents (a) the types of experiments carried out so far by the principal 
investigator, along with several undergraduate students, over a period of 5 
years, and (b) a discussion of the results. Part III presents the theoretical 
studies on the solid state crystalline electrostatic fields, field gradients 
and antishielding factors. 

Background 

A modest start of the MQR project at Grambling State University was made 
in late 1970, with a grant made by the Research Corporation ($7,480) to the 
principal investigator. Since the funds were not sufficient to obtain the 
complete spectrometer, our efforts were confined to building a simple super- 
regenerative type of oscillator, and computation of anti shielding factors in 
simple systems; thus, providing research training to the participating under- 
graduate students. 

With the aid of the National Aeronautics and Space Administration (NASA) 
grant, we have been able to establish a complete Nuclear Quadrupole Resonance 
Spectroscopy facility at Grambling State University and provide training in 
research to the participating undergraduate students. The main function of the 
department being undergraduate education, every effort was made to structure 
the project activity to achieve this objective. Appendix A shows the list of 
student participants in the project. 
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INSTRUMENTATION 

The main reason for initiating the Nuclear Quadrupole Resonance project at 
Grambling State University is its inherent amenability for undergraduate compre- 
hension. Both the theoretical physics needed and the experimental techniques 
involved are fairly simple and appropriate for undergraduate research exposure 
and introducing them to the power of physics in solving specific problems. 

I 

It was very succinctly expressed by J.A.S. Smith that the simplest and 
cheapest radio frequency spectrometer for chlorine nuclear quardupole resonance 
is relatively easy to build, but extremely difficult to control. The first 
circuit we attemped is a super regenerative oscillator system similar to that 
described by Dean and Pollack and Smith. Figures 1 & 2 show the schematic of 
the circuit and Plates I & II are pictures of the unit built by the participating 
undergraduate students here. A simple Heath Kit assembled radio was used to 
determine the frequency of the SRO and the receiver was calibrated with W.W.V. 
standard frequency broadcasts. For this purpose a simple antenna was erected 
on top of the Carver Hall building in which the Physics Department is housed. 

The sensitivity of the unit was so limited that it has been possible to observe 
a 0.5 cm peak above the noise level for the NQR resonance signal of chlorine in 
paradi chlorobenzene only. Due to the inherent difficulty associated with the 
SRO system for accurate frequency determination, our attempts to study lattice 
effects with this unit proved unsuccessful. 

Plate III shows the commercially produced marginal oscillator unit obtained 
from the Research Education Systems Company of Lexington, Massachuetts and our 
interfacing module. The oscillator served as a very good piece of demonstration 
equipment for oscilloscope display of Cl signals in KCIO^ and PCI 2 etc. 

Several modifications were made in the circuit to enable the recording of the 
signals on a chart recorder. Among these the most important introduction was 
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the interfacing circuitory to monitor the ramp of the frequency sweep diode 
externally from the sawtooth voltage output of an oscilloscope. This provided 
considerable control on the sweep rate and signal could be simultaneously 
recorded on a chart recorder and displayed on the screen of the long persi stance 
scope. This system with its limited capabilities proved useful for a detailed 
study of the line shapes; if the frequency is already known and the absorption 
signals are strong such as in the chlorates of sodium and potassium^copperoxide, 
paradi chlorobenzene, etc. 

Since the major aim of the project has been to study the semimetallic 
environments by NQR techniques we obtained the most sensitive automatic super- 
regenerative scanning spectrometer from Wilks Scientific Company. Plate IV 
shows the current arrangement of the spectrometer facility. Figure HI is a 
block diagram of the complete system, showing the main spectrometer and the 
auxiliary facilities. Though most of the units were commercially obtained 
except for the zone melting heater, procuring the units, housing, assembling 
and putting into operation has been a valuable experience to the participants. 
This phase of the project while being most strenuous and time-consuming has been 
rewarding to the participating undergraduate students; in that they had the 
first hand exposure and experience of establishing research facilities. 

Grambling State University being mainly an undergraduate teaching institution, 
was not equipped until recently for undertaking research-type of investigations. 
The National Aeronautics and Space Administration grant has been of immense 
value in establishing these basic facilities, in addition to the main Nuclear 
Quardupole Resonance Spectroscopy facility. Plates V and VI show the auxiliary 
facilities developed during the course of the projects. 
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EXPERIMENTAL STUDIES 

2 2 

The electrostatic field gradient "q" (q = 2 V/^Z ) being a classical 
quantity presents no conceptual problems to the undergraduate student and can 
be directly obtained from an analysis of the NQR spectrum. A knowledge of "q" 
reveals the nature and extent of intra- and intermolecular interactions in 
solids. As such our main objective has been to change the solid state electronic 
charge distribution in a controlled manner, and study the microscopic effects 
on the electrostatic field gradient at the site of the quadrupole nucleus by 
analyzing its NQR spectrum. 

This environmental effect is considered to be of importance in semi- 
metallic structures such as Antimony, Indium, Gallium, etc., because even 
minute impurity addition alters the conduction properties in a marked fashion, 
and the conduction electrons provide appreciable contribution to the electro- 
static field gradient. ^ Alterations in the valence/conduction electron 
charge distributions can be produced by: 

(1) Chemical bond formations with the neighboring atoms in different 
compounds. 

(2) Addition of impurities to the host lattice. 

(3) Perturbutions of lattice charges due to electrical conduction. 

(4) Temperature and pressure effects. 

Results and Discussion 

To acquaint the student participants with the operation of the spectrometer 
and provide training in the techniques of frequency measurement, the NQR spectra 
of several known compounds were repeated as a preliminary training and the 
frequency measurement accuracy assessed, before they attempted search runs on 
new compounds. Table II is a listing of the typical measurements that were 
repeated by several students to gain practice. 
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Table II 



Compound 


Measured Frequency 

Litereative Value' 

1. 

AsCl q 

As 

76.2 

+ 

0.2 MHz 

76.4 



Cl 35 

24.8 

+ 

0.2 

24.5 

2. 

As 2°3 

As 

108.2 

+ 

0.4 

108.6 

3. 

SbgOs 

Sb 121 

Sb 123 

82.2 

50.2 

+ 

+ 

0.2 

0.2 

82.6 

50.2 

4. 

SbCl 3 

Cl 35 

20.6 

+ 

0.2 

20,4 

5. 

C 6 H 4 C1 2 

Cl 35 

34.2 

+ 

0.1 

34.3 

6. 

NaC10 3 

Cl 35 

29.9 

+ 

0.1 

29.9 

7. 

KC1 0 3 

Cl 35 

28.1 

+ 

0.1 

28.1 

8. 

Cu 9 0 

Cu 63 

26.1 

+ 

0.1 

26,0 


C 

Cu 65 

24.0 


0.1 

24.1 


These lines, particularly those of chlorine and copper served as test 
spectra and reference standards for all other investigations. 

New Compounds Studied 

Several intermetallic compounds of the p-block (III - VI) elements such as 
selenides, tellurides, sulfides and oxides of Indium, Arsenic, Antimony and 
Bismuth, have been investigated during the course of the project and detailed 
discussions of the results reported in the earlier interim semiannual reports. 
Typical recorder runs of the spectra in traditional compounds and lattice 
effect studies are presented in Appendix B. Table III is a listing of the 
several compounds investigated in our laboratory. 


c, 
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Table III 



Compounds 


Remarks 

Reference 

1. 

As 2°5 


Multi pi et lines* 
20 - 60 MHz 

6 

2. 

As 2 S 2 


Broad/Weak signals 
50 - 60 MHz 

6 

3. 

As 2 Te 3 


115.9 + 0.5 MHz 

7 

4. 

As 2 Se 3 


Weak lines 
70 - 80 MHz 

6 

5. 

Bi 2°3 

(Bi smite Form) 

Mo Signal 

(previous data exists) 

9,8 

6. 

Bi 2 S 3 


Broad signal* 
60 ~ 65 MHz 

6,8 

7. 

Bi 2 Teg 


Mo Signals 
Scan 10-150 MHz 

9 

8. 

Bi 


No Signals 
Scan 10-150 MHz 

9,8 

9. 

Sb 2 0^ 


Weak multi pi ets* 
50 - 100 MHz 

6 

10. 

Sb 2 S 5 


Weak multi pi ets* 
20 - 80 MHz 

6 

11. 

Sb 2 Te 2 

Sb 121 

Sb 123 

82.8 + 0.2 
50.1 + 0.2 

7 

12. 

In 2 S 3 


Weak multi pi ets 
5 - 50 MHz 


13. 

In Se 


Weak multi pi ets 
5-50 MHz 

6 

14, 

In 2°3 


Weak Signals* 
5 - 20 MHz 

6 

15. 

Ga 2°3 


No Signal 
Scan 5-25 MHz 

6 


*Several search runs were made on these samples at lower temperatures and 
a note is under preparation presenting the data. 
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Studies on Doped Samples 

O A 

Since the earlier studies in Antimony and Indium clearly indicated’**' that 
conduction electrons provide appreciable contribution to the field gradient at 
the nuclear site, we have devoted considerable time and energy to investigate 
this feature, with no commensurate returns. Of the group of elements of 
interest: Indium, Antimony, Bismuth and Gallium, only Antimony was amenable for 
investigation on our spectrometer. Indium resonances exist below 10 MHz where 
our system sensitivity and reliability proved to be very low. Several trials on 
Bismuth both here and in the NQR Laboratories of Queen Elizabeth College, 
University of London, indicated no signals even at liquid nitrogen temperature. 
Our studies in Antimony and Gallium were encouraging in that signals of 
desirable strength could be observed when sufficient care in the sample prepara- 
tion and operation of the spectrometer were exercised. We confined most of our 
studies to Antimony alone because of the high cost of pure Gallium. The fact 
that the signals lie in the 10 MHz region; where the spectrometer operating 
conditions are not at their best; and the preparation of doped samples involved 
a tedious and time-consuming process, impeded the progress of our studies 
severely. The results of our investigation were presented^ at the Fifty-First 
Louisiana Academy of Sciences meeting and summarized below. 

The presence of an impurity in the proximity of a quadrupole nucleus 
changes the electrostatic field gradient at the nuclear site normally due to its 
different size and charge. In addition, we expected it could also alter the 
conduction electron distribution in the neighborhood of the resonating nucleus 
and cause a frequency shift. As such we have chosen three types of impurity 
elements to be, doped in the host lattice of Antimony. They are Cadmium, Indium 
and Bi smuth . 
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Bi in Sb : Concentration range 0.01 to 1 percent by weight. Since both Bi and 

*> 3 2 

Sb have similar outer shell electronic structures namely 6 S' 6 P and 5 S 
5 P , there should be only size effect and if any a minor perturbation in the 
conduction electron distribution. We also expected that since Bi and Sb have 
similar crystal structure the added impurity atoms would occupy preferred 
interstitial lattice site causing a splitting of the NQR line. At 1 percent 
concentration the lines were completely wiped out while at 0.01 there was a 
decrease in the intensity of the signal associated by a broadening of the line. 

To find out the limiting point of impurity concentration for an observable 
signal, samples with 0.5, 0.2, 0.1, 0.05 and 0.02 percent Bi were investigated. 
The signals became gradually broader and weaker up to 0.1 and disappeared at 0.2 
percent concentration. This result indicates there occurred a rapid distribu- 
tion of field gradients as the number of impurity centers increased; and no 
additional information could be obtained regarding the perturbations in the 
extra ionic electron distribution. 

In in Sb : Concentrations of impurity studied 0.005, 0.01, 0.02, 0.05, 0.1. 

2 

Since the electronic structure of In is 5 S 5P the size effect should be 
minimal and the charge effect should be the dominant factor. The results of our 
study are interesting in that the signals disappeared even at a small concentra- 
tion as low as 0.02% compared with that of 0.2% for Bismuth impurity. This 
makes us believe that the Indium impurity might behave like an acceptor in the 
Antimony lattice marked by influencing the EFG at Sb site. Up to 0.01 percent 
concentration there seems to be a shift of 0.2 MHz associated with a slight drop 
in intensity and broadening of the signal. The frequency shift was the same both 
at 0.005 and 0.01 percent Indium. 

Cd in Sb ; Concentration range studied 0.005, 0.01, 0.1, 0.5, 1 percent by 

2 

weight. Since electronic structure of Cadmium is 5 S , we expected both the 
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charge and size effects must be minimal. But to our surprise signals disappeared 
at even the lowest concentration of 0.005 percent. It is not known whether 
occurrance of a compound formation is the reason for this feature. 

Sample Preparation Techniques 

It is appropriate on my part to inject a statement of caution in the 
analysis of our observations. As mentioned earlier Antimony signals in the pure 
metal itself are not strong and are very sensitive to the annealing state of the 
sample and operating conditions of the spectrometer. Plates V and VI show our 

r 

sample preparation arrangment. After mixing the desired amounts of impurity 
and Antimony, the sample is loaded in a Vycor tubing and evacuated, dried and 
sealed. The sealed tube is lowered in a carrier tube which was slowly passed 
through the hot zone several times (5 - 6) up and down. The hot zone of the 
heater is about 1", at a maximum temperature of about 800°C. This zone level- 
ling process is expected to uniformly distribute the impurity in the host 
lattice. The sample comes out as a solid rod which was pulverized by the micro- 
mild and sifted to a fineness of 350 mesh powder. Then the powdered sample is 

again loaded in a glass tube and annealed under vacuum at a temperature of 550°C, 

before using for NQR scanning. 

Every concentration for each impurity- type sample was made following the 
above tedious procedure. Now the disappearance of a signal or the converse, 
leaves doubt in one's mind, whether doping took place at all; if one observes 
the signal; and whether the small changes observed or the disappearances could 
be due to the annealing and stress status of the sample. Being concerned with 
these questions our desire to publish the data is quenched. Our discussion of 

the doubts with professionals in the field added to further futile pursuits at 

lower temperatures. One assuring factor that emerged out of our low temperature 
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studies, is that the signals were reproducible in a similar fashion in all our 
samples. Still the sample effect remains a questionable factor. 

Lattice Effects ; The general objective being the investigation of the effect of 

the environmental charge distribution; a special study was carried in similar 

lines to those of Baer and Dean , using the Cl nucleus in P Cl 2 y » and K Cl 0g 

in the host lattice of the piezo electric environment of Rochelle salt, water 
12 

and paraffin wax. 

A novel study was carried out by us for the first time by passing an elec- 
tric current through the solid sample. The results are interesting and show a 
shift of the order of 50 KHz when a current of about 50 ma was passed through 
the sample.^ Appendix B shows the actual recorded spectra at liquid nitrogen 
temperatures. Though one can phonomenologically understand the shift as due to 
the changes in conduction electron contribution to EFG, no rigorous band theory 
explanation is possible at this time. 

Effect of Pressure : Several interesting investigations were carried out by the 

principal investigator in collaboration with Professor J.A.S. Smith, Professor 

of Chemistry, University of London, during the period January - August, 1976; 

on the effect of high pressures ( 5 - 35 K bars) on the NQR spectra. So far, 

the pressure effect studies were confined only to low pressures below 5 
13 15 

K bars. * The studies at high pressures were made possible by the NASA grant 
to the principal investigator and the British Reserach Council grant for work 
at Standard Telecommunication Labs (STL-Harlow Essex) using their tetrahedron 
anvil press facilities. Since our studies being the first of their kind, 
several experimental design studies had to be made to couple the RF oscillator 
sample coil with the spectrometer. Various sample coils (7 mm dia., 7 mm long) 
were fitted in pyrophyllite tetrahedron and coupled to the oscillator 

by a 50 ohm miniature coaxial cable. With this arrangement paradi chlorobenzene 
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signals could be observed up to 10 tons including theoC— phase transistion. 
Above 10 tons the signals weakened rapidly and completely disappeared at 30 
tons. A probe into the reasons included a study of the quality factor of the 
coil which rapidly dropped to a value of 10 - 12 at a pressure of about 10 K-bar. 
Further studies indicated that in the anvil press system of SRC high pressure 
gradients^ will be generated across the sample unlike in the hydrostatic 
(Bridgeman type) systems. 

The second stage of investigations at STL (S.R.C. Essex) involved modifica- 
tion of the piston cylinder apparatus which can give pressures up to 15 K-bar 
to be compatible with the Queen Elizabeth College (University of London, England) 
spectrometer. Using 1:1 mixture of castor oil and amyl alcohol as a transmis- 
sion fluid, several runs were made on molecular solids such as pa radi chloro- 
benzene, and addition compound of chloroanil with bis-8-hydroquinolinato palla- 
dium. These runs could be made successfully up to pressures of 15 K bars 
though there occurred considerable deterioration of signal strength. 

The operation of the SRC high pressure unit involved considerable manpower 
and technical requirements. These constraints allowed only quick and short 
scans on the doped samples of Sb. Sb signals being weak in the beginning, 
rapidly disappeared as the pressure reached a value of 3 tons. To study the 
pressure effects in ionic solids where strong signals are observable, a prelim- 
inary search was carried out in the following minerals borrowed from the British 
Science Museum. The plan was to study them first at dry ice temperatures in the 
piston cylinder apparatus without applying pressure and reinvestigate those that 
seem potential samples for high pressure work. 

1. Grpiment ASgS^ 72 - 75 MHz Weak signal 

2. Arsenolite As^Og Signals beyond the range 

Signals beyond the range 


3. .Clauditite As^Og 
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4. 

Bi smi te 

BigOj 

35 - 70 MHz 

Fairly good signals 

5. 

Si 11 ini te 

B1 2 ° 3 

40 - 60 MHz 

Fairly good signals 

6i 

Senarmonite 

% 

SbgO^ 

50 MHz 

Weak signals 

7. 

Vallentinite 

( SbjjOg 

68 MHz 

Weak signals 

8. 

Stibinite 

Sb 2 S 3 

30 - 45 MHz 

Good signals 


Based on these studies it was planned to reinvestigate the spectra of 
Bi smite. Si 1 Unite and Stibinite samples with the collaboration of Prof. Smith 
and Mr. M. K. Sabir when future time allocations become available at the SRC 
facility. 

THEORETICAL STUDIES 

This phase of the project has been one of the most rewarding activities of 

the program in that it made possible esoteric theoretical studies from journals 

to the classroom investigations. Two projects were introduced for upper level 

physics students elucidating the applications of basic principles of electro- 
16 

statics to the electrostatic fields and field gradients in solid state. Both 
the theoretical and experimental projects developed based on the NASA program 
are included in Appendix A following the list of student participants. 

Our theoretical studies were mainly concerned in developing a comprehensive 
computer program for a self consistant estimation of electrostatic field gradi- 
ents in ionic solids. The computational details of the program were presented 
in an earlier report and the actual program (computer output) is given in 

Appendix C. 

Starting with the basic crystal structure data the system locates all the 
ions in the solid, a desired number of unit cells away in all the three direc- 
tions, from the lattice site of interest. After establishing the nearest 
neighbor ions, fields and field gradients at these sites are computed in a self 


T3 fc 


consistant way assigning the induced quadrupole and dipole moments for these 

lattice points. The program treats each lattice site as a multi pole consisting 

of charge dipole and quadrupole moments, and evaluates these values in a self 

consistant manner. The program is successfully applied to verify the previous 

18 

calculations in A^Og. The usefulness of this program is enhanced since 
different sections of it can be separated as subroutines to perform different 
operations. The program is used (a) to illustrate the solid state lattice struc- 
ture and unit cell composition and nature graphically from the standard x-ray 
data; (b) to make a simple point charge estimation of electric fields in gases 
and solids; (c) to estimate induced dipole moments in solids and gases; (d) to 
evaluate'antishielding factors; (e) to solve simultaneous equations (La. Tech 
program); and (f) to carry out tensor coordinate transformations. 

The second aspect of our theoretical studies consisted of developing 

numerical solutions for the secular equations for the pure quadrupole inter- 

1 9 

action Hamiltonian. Using the Newton Raphson iteration process, energy factors 

p 

(multiples of the quadrupole coupling constant e Qq) were computed numerically 

for values of the asymmetry parameter /? from 0 to 1 in steps of 0.01, The 

iteration process was continued until the successive values of the energy factors 
-4 

lie within 1 x 10 . The tables can be readily used for the analysis of the NQR 

spectra of nuclei with spin values I - 5/2, 7/2 and 9/2. Such tables as far as 

we know are available for I = 5/2 only in the Oak Ridge National Laboratory 
20 

reports. The reference tables developed by us are presented in detail in an 
6 

earlier report and the program details are given in Appendix D. 

General Conclusions and Comments 

The National Aeronautics and Space Administration grant NGR 19-011-016, 
along with the four other projects previously sponsored by NASA had the most 
positive impact on the academic standing and reputation of the Physics Department 
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at Grambling State University. It has helped immensely in establishing the 
Nuclear Quadrupole Resonance research facility for undergraduate research parti- 
cipation. Starting at a point where routine classroom experimental facilities 
were constrained, the general laboratory facilities have expanded to (a) high 
and low temperature generation and measurement facility; (b) facilities for 
radio frequency generation and measurement with the modern spectrum analyzers, 
precision frequency counters and standard signal generators; (c) vacuum and 
glass blowing facilities; and (d) miscellaneous electronic and machine shop 
facilities. (Plates IV, V & VI) 

Since the NQR project was started from scratch, it provided a wide variety 
of learning experiences to a number of student participants. The details of 
student activities are presented in Appendix A. Though considerable student 
effort and time were dedicated to the establishment of the experimental facili- 
ties, the project studies yielded notable theoretical and experimental results 
leading to the following publications. It has been a most rewarding experience 
for the two physics majors, fir. Eddie R. Wallace and fir. Michael Coleman, who 
presented papers both at the national and international conferences. 

(!) A.N. Murty, E.R. Wallace* and N. Gajendar. "Estimation of the 
Antishielding Factors of Certain Group III and V Elements," 

Proc. 45th La. Acad. Sci . and La. Rhys. Teacher Conference 
1973 (Abs) 

(2) A.N. Murty. "NQR Spectra of the Tellurides of Arsenic and Antimony," 

Proc. Third International Symposium on NQR, Tampa, Florida 
86, 1975 (Abs) 

(3) A.N. Murty, Michael Coleman*. "Lattice Effects on the NQR Spectrum 

of Antimony." Proc. 51st La. Acad. Sci. and La. Phys. Teacher 
Conference, 1977 (Abs.) 

(4) A.N. Murty and Michael Coleman*. "Lattice Effects on the Pure NQR 

Spectra." Proc. Third International Symposium on NQR, Tampa, 
Florida 114, 1975 (Abs) 

(5) A.N. Murty and M. Balaram. "Self Consistant Estimation of Electro- 

static Field Gradients in the Tri oxides of Arsenic and 
Antimony and Bismuth." (In preparation) 
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(6) A.N. Murty. "NQR Signals in Certain Group III ard V Compounds." 

(In preparation) 

Nuclear Quadrupole Resonance spectroscopy though attractive due to its 
relatively least sophistication in instrumentation as compared to the sister 
branches of radio frequency spectroscopy such as microwave spectroscopy nuclear 
magnetic resonance, electron spin resonance, etc. is seriously handicapped due 
to the limitations on the accuracy and sensitivity of the spectrometer as well 
as the meagerness of the information yield. Even using the best commercially 
available spectrometers both here (our spectrometer system made by Wilks 
Scientific) and in England (University of London system made by Decca Radar 
Corporation) it has not been possible to make unambiguous determinations of 
small frequency shifts as encountered due to impurities and electric field 
effects in the range of (2 «* 20 KHz)*, nor retrieve signals in metallic samples 
such as Bismuth or the natural minerals discussed earlier. However MQR proved 
to be a most powerful educational tool in elucidating solid state electrostatic 
forces in simple ionic solids. The instructional projects developed by us for 
classroom use are presented in Appendix A. 
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APPENDIX A 


EDUCATIONAL AND INSTRUCTIONAL YIELDS 
OF NASA-NQR PROJECT 


Educational Impact of the Nuclear Quadrupole Resonance Project 
Undergraduate Research Participation Training 

The following students were supported by the NASA NGR-1 9-011 -016 grant and 
previous Research Corporation grant and received training. 



Name 

Learning Activity 

1. 

Eddie Ray Wallace 

Computation of field gradients in diatomic 
molecules 

2. 

William Morris 

Electronic circuits 

3. 

Stonewall Hunter 

Electronic circuits and hardware 

4. 

Alan Kennedy 

Hardware assembly and installation 

5. 

Rosemary Kline 

Laboratory organization 

6. 

Israel Hall 

Hardware assembly and installation 

7. 

Nathaniel Paul 

Electronic circuits design and construction 

8. 

Ronnie Blake 

Glass bl owing-Sample preparation 

9. 

Therone Baker 

Glass bl owing-Sample preparation 

10. 

Clarence Hubbard 

High temperature heater construction 

11. 

Jerry Gray 

Electronic circuits construction 

12. 

Alvin Kennedy 

Vacuum system, glass blowing-sample prepara 
tion 

13. 

Michael Coleman 

Spectrum scanning analysis-sample prepara- 
tion 

14. 

Dorothy Phillips 

Spectrum scanning, record keeping 

15. 

Roy dopes 

Lattice effects, spectrum scanning 

16. 

Robert Lyons 

Low temperature system 

17. 

Fred Gordon 

Computer programs 

18. 

Shasti 8 . M . 

Literature survey-data computation 

19. 

Frederick Wilson 

Spectrum scanning 



In addition to these direct participants, regular upperclassmen in physics 
worked on the following topics that have been developed from the NASA project 
studies. 

PROJECIS IN PHYSICS 
Physics 420-421 

The objective of this course is to provide the upper level physics majors 
with an opportunity to plan and carry out simple projects under the guidance of 
the instructor in charge with minimum help. As such the emphasis is not on 
conducting an experiment with specific instruction and arriving at an acceptable 
result as accurately as possible, but to pursue the activity with ingenuity and 
skill and evaluate the result with a critical analysis. The activity may 
i nvol ve : 

(1) development and assembling the needed units; 

(2) "make-do 1 ' with minor modifications of the available units; 

(3) utilizing modern systems consisting of several units and comprehend 
the techniques of using standard equipment with the aid of instruc- 
tion manuals, etc.; and 

(4) repeating the published work in standard journals of physics and 
acquire the techniques of research and publication, with a view to 
achieve the project objectives. 


PROJECIS 

I. Derive the general expressions for obtaining the electrostatic fields and 
field gradients due to a monopole, dipole and quadrupole. 

REF; 1. Electromagnetic Fields and Waves by Lorrain and Carson 


II. Develop a computer program to calculate the dipole moments of diatomic 
molecules from structural data. 

REF; 1. "Binding Energy and Dipole Moments of Alkali Halide Molecules" 
by Edmund S. Rittner. J, Chem . Ph.ys . 19 , 1050 (1951). 

2. "Dipole Moments of Alkali Halide Molecules by the Molecular 
Beam Electric Resonance Method" by A.J. Herbert, F.J. Lovas, 
C.A. Melenders, et. al . I. Chem . Phys . 48 , 284 (1968). 

3. "Electronic P.olarizabil ities of Ions" by J.R. Tessman, A.H. 
Kahn. Phys . Rev . 92, 890 (1S53). 


III. Develop a computer program to evaluate the electrostatic field gradients 
in gaseous diatomic molecules at the positive ion sites. 

REF: 1. "Antishielding and Polarizabilities in Alkali Halide Gases" 
by Gerald Burns. Phys . Rev . 115 , 357 (1959). 

2 . Bersohn, R. J_. Chem . Phys . 32, 35 (1960). 

3. Rao, D.V.G.L.N. and A. Narasimhamurty. Phys. Rev. 131, 961 

(1963). 


IV. Observe the Nuclear Ouadrupole Resonance signals in paradTchlorobenzene 
and potassium chlorate and determine the frequency using i:he Spectrum 
Analyser. 

REF: MILKS NQR SPECTROMETER Instruction Manual 


V. Study the frequency shift of the NQR signal in NaClOg as a function of 
temperature . 

REF: Research Systems NQR Oscillator Manual 


VI. Determine the frequencies of Bismuth NQR signals in BiCl 3 and obtain the 
asymmetry parameter value by assigning the spectrum using the frequency 
ratio tables. 

REF: Third Semi-Annual Status Report, NASA Project NGR-19-011-016, 8-74. 



APPENDIX 6 


TYPICAL RECORDER OUTPUTS OF NQR SPECTRA 


BENTON HARBOR. MICHIGAN ClU2ir NO. 445-8 minted in u.s.a. 

















































































APPENDIX C 

COMPUTER PROGRAM FOR SELF CONSISTANT ESTIMATION 
OF ELECTROSTATIC FIELD GRADIENTS 





FORTRAN IV G LEVEL 21 ' MAIN DATE * 77182 09/43/28 PAGE 0001 
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C A. N. MURTY, PHYSICS DEPARTMENT 
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C PRCGRAM FCR SELF CCNSISTANT ESTIMATICN OF ELECTROSTATIC FIELOS 

C ANE FIELD GRACIEMS IN ICMC SCL1CS 

— 

— 
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01 PENSION XL 1 1250), YG( L 25C ) , ZU ( 1250 1 , T YPEO ( 1250) , NAT Cl 1250, 
1XR I l<r50) , YR< 12 50) ,ZK ( 1250 ,RHI 1250, TYPE (1250), NAT (1250) , 
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2NUy { 12 50 ) » a ( A » 4 ) • D ( lCJvVUCv 1) 1 1 ( *5 1 1C J «C ( 9 9 1C) fTC(9t 9) t AlPha|9) 9 




3 Ch ( 9 1 1 ) 



0CC2 


S1IF1)=— F1/R3 



C0C3 


S2IF1 ,F2)=I-3.<Fl*F2)/R5 




0004 


S3IF 1 )*( R2-3.*F l*F 1 I/R5 


• 

j 
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S4(Fl,F2)*I J.*F1*(R2-5.*F2*F2)/R5)/R2 




0OG6 


S5IU.F2)=(3.*Fl*(3.*R2-5.*F2*F2)/ff5)/R2 " 

£ft Si 
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S£ I ) 1 )*5 »*F 1 /P2 

^ H _ 
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S7(F1)=1.-7.*F1*F1/R2 



», 

0009 


S 6 (Fl)=l l 3.*F1*F 1 )/R5)/RZ~ 
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S5(F1)=3.-7.*F1*FI/R2 
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k' 

oo n 


Sl3IFl,F2)M3./k5/K4)*( (R2-5.*Fl*Fl)*(R2-5.*F2*F2) 


■ 
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1 ♦ 1 C . Fl i Fl v F2*F«.) 
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0012 


S14(F1,F2)M1.5/R2/R5)*C(1.-7.*F1*F1/R2)* 






l(R2-5.»F2*F2l»2.*Fl*Fl) 
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* 

0013 
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EL ECH=4.U 



0015 


JK = fc3 






C JK SFtCIFlES TFE LATTICE AT WHICH FIELDS AND FIELD GRADIENTS 
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0016 


0 




0017 
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* 



C P(.L AR 1 SAfi I L 1 1 Y VALUES. 




0018 


H*C. 5 



• 

0019 
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0 vJ 20 


A ( l , 3 ) = 0 . C 




0021 


A( 2 , 3 )*0.C 




0022 


A( J, 1 )=0.0 




0023 


A ( 3,2 ) = C • C 



* 

0024 


A ( 3 , 3 ) = 1 .0 



* l 

0025 


DG 3 L - It i\C 
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!) f2 )U » VV i K t A1 CP* NA 1CP 
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d=U-3. 
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M 1 
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DC 3 J«l,5 
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Vl=Vl*l. 




' 0033 
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C0J4 


. DC 3 K*l,5 


• 

n 

0035 


Wl=Wl*l. 
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CC16 


CA=AC*U1 
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0037 


CB=BC*V 1 
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P = N 
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0275 


IHJK.lC.ol3) GO TG 33 


02 75 


DC 60 1 = 1 ,3 * ' ' ~ ' ~ 


C2 7c 

8C 

ALPHA! I )=-AC 


0277 


CL 81 1=5,5 


0278 

61 

ALPHAl 1 )=*c 


C275 


DC 77 1=1,9 

- - 1”' 

0280 

77 

CP ( I ,1 ) = T( 1,1) 


- C2SI 


DC 7<! 1 = 1,9 


0282 


CC 78 J* 1 ,9 


0283 

70 

TL1 1 ,J1 = -I C I ,J*1) 'ALPHA IJ) 

U 

02 6 A 


CC 79 1=1,5 


0285 


DC 79 J= 1 , 5 

L.I 

022c 

79 

If ( I .10. J»TC< I, J)*TC< I, J)-U. 

H 

- C2 37 


CAIL SI*CUC,C)-,9,KS) 


02 SR 


If US.EC.C) GC TC 82 


C239 


V»PI IC (6,5L )KS 


“ C^5C 


GC TG 30 


0231 

82 

HRl IE (6, ICO) (CH (1,1), 1 = 1, 5) 


0292 


CO e3 J=1 ,9 

h 

' C253 *' 


v( J,ll*Ch( J,ll 

]*J 

C299 

83 

Cl 3*1 )*AlPHA(J)*V(J,l) 


C295 


cm = 1.0 


C296 


*r I Tc (6,120 


C257 

52 

wHTMo.35) (C(L),L*1,1C) 

kl 

0298 


-1 1 TE (o,55) AC, AQ 


' C2S9 

33 

OC 2A 1=1 ,9 

IM 

0300 


IF (l.EC.l) HPITE(6,130) 



ci 


o 
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VC=T l I *1 ) *Cl l ) 

VCX= T ( I » 2 ) *C I 2 ) 

VCY = U I# 31*013) 

VCZ=7 l I * 4 ) A C l 4 ) 

VOVCX^VLY + VDZ 
VCXX-T(I,5)*C(5) 

VCYY«T( I,6)*Dlfc I 

VC l Z *T ( I ,7)*C(7) 

VC >Y = T ( I ,o)»om 

VCYZ=T( I ,9 >*D(S ) : 

VC ZX-T ( l V I0)*C(10) 

VG = VGXX« VCYY*VCZZ*VCXY*VCYZ«-VCZX 
VII, I)=VC*VC4VC 

3*» WK n E<o,<o)VC ,VDX,VCY,VCZ. VO,VCXX,VQYY,VQZZ.VCXY,VCYZ, 
1VC t V ( I >1 ) 

IH JK.FC.8I3) GO TO “36 

JK-E13 
GC TO 5 

36 STTP — 

2 FCFPAT(iFll.d*F4.0*I2) 

10 FtFRAl ( 15 ,5F7.3) 

15 FCFPAKICF7.3) 

40 FCFMAT ( 2 C X * f 7*4*/) 

20 PCRK AT C 8X, I 4,2X,F4.0,2X , 12* 4 (3X,F6.3) ,19) 

30 FCFPAT (8X*I4,2X*F4.C«2X,I2*3(3X ,Tf23Tl 

35 Ft FPATI6X,1C(4X,F8.3) I 
<*5 FCPPAT (///, 13(2X,F8.3») 

55 FCFPAT(30X,2F 15.2} 

90 FCFPATi ICX, 12) 

ICC FORMAT (6X,9(4X,F8.3),//) 

2CC FCRMAT 15CX,2GH** T PA T R I X **,//! 

300 FCK M A] (8X*IC(4X,F6.3) ,//) 

12C FORMAT (5UX, 22F** MULTIPCLE MCMLNTS** ,// > 

12c, Ff. RMATI5CX,31H< + FIELCS AND FIELC GRADIENTS**,//!" 

ENC 


11 
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h 




c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

C“ 

c 

c 

c 

c 

c 

c 

E 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


SU3R0UTINE SIMC 


PURPOSE 

OBTAIN 

AX«B 


SOLUTION OF A SET OF SI MULTANEUUS L INEAR EQUATIONS,' 


USAGE 

CALL 


SIMCl A,B,N,KS) 


DESCRIPTION OF PARAMETERS 


CCfcf F IC I EMS STOREC COLUMNWISE. THESE ARE 
IN THE COMPUTATION. THE SIZE OF MATRIX A IS 


ARE 


N MUST BE .XT. CNF. 


A - MATRIX OF 
DLSTRCYEC 
N BY Hi 

B - VECTOR CF ORIGINAL CONSTANTS (LENGTH N). THESE 
REPLACED BY FINAL SOLUTION VALUES, VECTOR X. 

N NUMBER CF ECUATICNS ANC VARIABLES. 

K$ - OUTPUT DIGIT 

0 FOR A NORMAL SOLUTION 

1 FOR A SINGULAR SET CF ECUAT IONS 


REMARKS 

MATRIX A MUST EE CENTRAL. 

IF NATKIX IS SINGULAR , SOLUTION VALUES 
AN ALTERNATIVE SULUT ICN MAY BE CdlAINEC 


ARE MEANINGLESS. 
BY USING MATRIX 


INVfPSICN (MINV) ANC MATRIX PRODUCT ( GMPRC ) . 


SUBROUT I NES 
NCNC 


AND FUNCTION SUBPROGRAMS REQUIRED 


SIMC 

SIMC 

SIMC 

SIMC 

SIMC 

SIMC 

SIMC 

SIMQ 

SIMC 

SIMC 

SIMC 

SIMC 

SIMQ 

SIMC 

SIMC 

SIMC 

SIMQ 

SIMC 

SIMC 

SIMC 

SIMC 

SIMC 

SIMC 

SIMC 

SIMC 

SIMQ 

SIMC 

SIMC 

SIMC 

SIMC 

SIMC 

SIMC 

SIMC 

SIMQ 


METFOC 

MlThCC Of SOLUTION IS BY ELIMINATION USING LARGEST PIVOTAL 
DIVISCR. EACH STAGE OF ELIMINATION CONSISTS OF I NT ERCHANG INGS I MC 
ROCS WHEN NECESSARY TC AVOID DIVISION BY ZERC OR SMALL 
ELEMENTS. 

THE FCRw/RC SOLUTION TC OBTAIN VARIABLE N IS DONE IN 
N STAGES. THE BACK SLLUTILN FOR THE OTHER VARIABLES IS 
CALCUL AT t C SUCCESSIVE SUBSTITUTIONS. FINAL SCLUTICN 
VALUES ARE DEVELOPED IN VECTOR B, WITH VARIABLE 1 IN BID 

VARIABLE 2 IN B(2), VARIABLE N IN BIN). 

IF NQ PIVOT CAN BE FOUND EXCEEDING A TOLERANCE CF 0.0, ' 

THE MATRIX IS CONSIDERED SINGULAR AND KS IS SET TO 1. THI 
TOLERANCE CAN BE MCCIEIEC eY REPLACING THE FIRST STATEMEN 


1C 

2C 

3C 

4C 

50 

eo 

70 
80 
90 
ICC 
110 
120 
13C 
140 
150 
160 
170 
180 
ISC 
200 
2 1C 
22 C 
23C 
240 
25C 
260 
270 
280 
2S0 
300 
3 1 G 
320 
330 
340 
35C 


OOOl 
OOJ > 


CCC3 
CCh 
000 5 


subroutine simc(a,q,n,xs) 

DIMENSION Ail) ,B( l) 
FCAwARC SOLUTION 


TC l = 0.0 
KS = C 
J J=-N 



SIMQ 

36C 


SIMC 

370 


SIMC 

38C 


SIMC 

39C 


SIMC 

4C0 

t 

SIMC 

4 1 C 


SIMQ 

42C 


SIMQ 

4 30 

s 

SIMC 

440 

T. 

SIMC 

450 


SIMC 

46C 

... 

.SIMQ 

47C 


SIMC 

480 


SIMQ 

490 


SIMC 

500 


SIMC 

5 1C 


SIMC 

520 


SIMC 

530 


SIMC 

540 


"SIMC 

55C 


SIMC 

560 
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SIMC 
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PAGE 0002 


0006 ' 
OCC 7 


OC 6 5 J=l,N 
J V = J ♦ 1 

SIMC 57C 
SIMC 580 

oacii 


J J = J J» N* 1 

SIMC 590 

OOG‘> 


a ica^o 

SIMC 600 

00 10 


i i=jj-j 

SIMC 610 

OOii 

- 

DC 30 I* J » N 

SIMC 62C 


c 


S1 V C 63C 


c 

ScARCh FCR MAXIMUM CCEFf ICIFNT IN CCLUMN 

SIMC 64C 


c 


SIMC 65C 

0012 


1 J— 1 T*I 

SIMC 660 

0013 


IFtABSIulGAl-AEStAtlJ))) 2C.3C.3C 

SIMC 670 

0014 

2C 

0 ICA = A( I J ) 

SIMC 66C 

0015 ~ 


I M AX = I 

SI MG 690 

OOlo 

30 

CCM ! NUE 

SIMC 7CC 


C 


SIMC 710 


u 

TEST fuft PIVOT LESS THAN TCLERANC fc (SINGULAR MATRIX) 

SIMQ 720 


c 


SIMC 720 

001 1 


IF (AOSId IGA > — T C L ) 35,35.40 

SIMQ 740 

OC 18 — 

35 

K S= 1 

SIMC 75C 

0C1S 

C 

RETURN 

SIMC 76C 
SIMC 770 


c 

INTERCHANGE RC*S' IF NECESSARY 

SIMC 7EC 


c 


SIMC 790 

. C020 

40 

1 1» JFN* ( J-2 ) 

SIMC 8CC 

0021 


I T= I MAX— J 

SIMC 810 

0022 


CU 50 K=J,N 

SIMQ 820 

0021 


1 1 » 1 1 ♦ N 

SIMC 83C 

0C24 


12 = 1 1 ♦ i r 

SIMC E4C 

002 b 


SA V l = A ( 1 1) 

SIMC 850 

CC26 


At 11 )=A( 12) 

SIMC EfcC 

002 l 

c 

At 12 ) s SAVE 

SIMC 87C 
SIMC 880 


c 

riVltJfc tCLATICN EY LEACING CCEFF IC IENT 

SIMC E9C 


c 


SIMC SCO 

0028 

50 

At II 1 = A 1 ll)/aiCA 

SIMC 910 

0C2S 


SAVE =Ht I MAX ) 

SIMQ 92C 

CO 30 


fi < ipax5«bu; 

SIMC 920 

0C31 

C 

01 J)=SAVF/8 iuA 

SIMC 540 
SIMC 950 


- £T " 

EL1MIN-IE NlXT VAKIAcLE 

SIMC 96 C 


C 


SIMC 970 

0032 


IF(J-N) 55,70,55 

SIMQ 980 

'00 33 

55 

Ks=N*IX-i) 

SIMC 990 

0034 


CC Lb IX = JY,N 

SIMC1GCC 

00 25 


I>J* ICSMX 

SIMC1C10 

OOio 


I t=j-ix 

SIMC1C20 

0037 


CC b. JX= JY , N 

SIMCIC3C 

00 jfc 


I X J/ *N* 1 JX— 1 ) ♦ I X 

SIMC104C 

0039 ' 


JJX= 1XJX+1 T 

SIMCIC5C 

004C 

60 

At 1 X JX ) = A t 1 X JX )- ( A ( IXJ)*A(JJX)) 

SMQI06Q 

0041 

65 

B 1 IX )=8( IX)-(B( J)*A IXJ) ) 

SIMC1C7C 


C 


siMcicec 


c 

BACK SCLLTIC.'i 

SIMC1CSC 


1 If 


SIMCilOC 
SI MCI lie 
SI MCI 12C 


0042 

0043 


70 NY*N-I 

it=n*n 
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0044 ~ 

0045 
0C4o 

cc sc j=i ,i rr — 

1 A=I I-J 
I E=N— J 

SIMC113C 
SlMCl 140 
SIRCl 15C 

CC47 ' 

I C = N 

' ' * - - SIMC1 16C ‘ 

GC43 

CC 80 K— lfj 

SINC117C 

0049 

3( iB ) = E ( 1 6 ) — A ( I A ) «B ( IC ) 

SI NCI 180 

0C50 

I A = I A-N 

SIMC119C 

0051 

80 IC=IC-1 

SINC1200 

QC52 

RETURN 

SIVC121C 

”00 53 

ENC " 

~ SIMC1220 


APPENDIX D 


COMPUTER PROGRAM FOR NUMERICAL SOLUTIONS OF THE 
QUADRUPOLE INTERACTION ENERGY 
SECULAR EQUATIONS 




□ 


! 

8 
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C 

C 

COMPUTATION OF NO 1 FREQUENCY FACTORS ANO THEIR RELATIVE 
RATIOS AS A FUNCTION OF THE ASYMMETRY PARAMETER 




C 

C 




000! 


DIMENSION XI 1011 , E (9 , 10 1 1 , E9 7 1 1 01 ),E75I 1011 ,E53I 101I.E31I10I » , 
IR)I101)*R2I101)»R3I101)»R4| I G 1 I ,R 5 ( 101),R6I10I) 



000? 

0001 


1 RFA0I5.2IE1 ,N, J.K 

1=0 



0004 

0005 


A=0.0 

V=0.01 



OOOfc 

0007 


GO TO 14, 5, 61, N 

4 Cl=El . .. . 



0008 

0009 


X2=A*A 
C2=C 1 *C 1 



0010 

0011 


C3=C2*Cl 

E2=I2.*C3»20.*I1.-X2))/I3.*C2— 7.M3.4X?) » 



001? 

0013 


P=A0SCF?-E1 1 
1FID-0. 0001 18,8,9 



0014 

0015 


9 E1=E2 
GO TO 4 



0016 
001 7 


8 i«IM 
XII 1«A 



0018 

0019 


El J,I )«E2 
E 1*E2 



00? 0 
00?1 


A=A4Y 

IT f A— 1 . 14,4, 10 



00?? 

00?3 


to iFi j-iiii.ii ,1 

11 MR I TE 1 6,3 1 



0024 

0075 


MR ITE 16*30) 

DO 12 1=1,101 



0026 

0027 


E53III=EI5,1I-EI3,I1 

E3im=EI3,n-E(l,l> 



002R 

0029 


R1III*E53(1I/E 31111 

12 MR ITEI6, 13IXII), ECS, II, EC3, I), Ell, I) , E53I II,E31(II,R1II) 



0010 

0011 


MR 1 TE ( 6, 60 ) 

GO TO 1 ... 



001? 

non 


5 C 1*E l 

X? = A * A 



00 V. 
0015 


C2=Ci*Cl 

C3=C2*C1 



0016 

0017 


C4=C2*C2 
X3-1. 4X2/3. 



0018 

oon 


X4=X3*X3 

0N=0.75*IC4-14.*X3*C2-35.*X4> 



0040 

0041 


0D=C 3-21. *X3*C1- 16.* 1 1.-X2) 
E2=0N/D0 



0042 

0043 


0=ARSIE2-Ei ) 

IF ID-0. 0001)14, 14,15 



0044 

0C45 


15 Ei=E2 
GO TO 5 



0046 
004 7 


14 I = 1 4 1 
XI 1 )=A 



0048 

0049 


FI J.I )=E2 
E 1=E2 


• 

0050 

0051 


A =A 4 V 

IFIA-l .)5,5, 16 


» 







J 
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0106 

0107 

18 FO^MATllH ,60X,7HI * 7/2//1 
20 F0RMATI5X f F5.2,10!4X,F8.5U 

01 OR 
0109 

25 FORMAT! IH ,60X,7H| = 9/2//I 
27 FORMAT IF5.2|9( 1X.F8.5I • 6 1 1X.F6. 31 1 

0110 

30 FORMAT! 1H .10X.4HASVM, 13X , 4HE 5/ 2 , 16 X , 4HE 3/2 • 16X.6HF 1/2.I3X, 
15HF5-E3, 13X, SHE 3-E l , 1 2 X , 7HE 53/E 3 1 // 1 

0111 

40 FORMAT ilH ,5X,4HASVM,7X,4HE7/2,8X,4HE5/2.8X,4HE3/2.8X,4HM/2, 
1 7X.5HF7-E5, 7X, 5HE5-E3, 7 X , 5HE 3-F 1 , 6X , THE 75/E 3 1 , 5X , 7HE5 3/E 31 , 5X , 

0112 

27HE75/E53//1 

50 FORMAT IlH .6HAS VM.6X , 4HE 9/2 , 5X , 4HE7/2 .5X, 4HE 5/2 t 5X , 6HC3/2 » 

15X.4HE 1/2 1 4X ,5HE9-E7 1 4X , 5HE 7-E 5* 4X » SHE 5-E 3* 4X ,5HE3-E 1 • 
2 IX. 7HE97/E31. 7HE75/E31 , 7HE53/E31 , 7HE97/E53, 7HE75/E53, 

0111 

3 THE 9 7 /E 75 // 1 
60 FORMAT I 1H1 ) 

0116 

ENO 



